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ABSTRACT 

A v a r i e t y  of p r o p r i e t a r y  s u r f a c t a n t s  and agglomerat ing agents  have 
been added t o  c o a l - l i q u e f a c t i o n  product  (from t h e  SYNTHOIL process)  t o  
determine t h e  e f f e c t i v e n e s s  of t h e s e  a g e n t s  i n  decreas ing  the v i s c o s i t y  
of t h e  product  o r  inducing agglomerat ion of suspended s o l i d s  i n  t h e  product .  
More than  two dozen a d d i t i v e s  were t e s t e d ,  bu t  on ly  two of t h e  a d d i t i v e s  
caused a r e d u c t i o n  i n  t h e  v i s c o s i t y  of t h e  c o a l - l i q u e f a c t i o n  product .  Two 
of t h e  a d d i t i v e s  t h a t  reduced v i s c o s i t y  and f i v e  agglomerat ing agents  were 
eva lua ted  t o  determine i f  they  could improve t h e  s e t t l i n g  of  s o l i d s  i n  t h e  
SYNTHOIL g r o s s  product .  No improvement i n  s o l i d s  s e t t l i n g  w a s  observed.  
I n  o t h e r  tests, a number of organic  s o l v e n t s  have been added t o  t h e  SYNTHOIL 
gross  product  t o  determine t h e i r  e f f e c t i v e n e s s  i n  promoting t h e  p r e c i p i t a -  
t i o n  of  suspended s o l i d s  i n  t h e  product .  High-temperature s e t t l i n g  of  t h e  
product  i n  t h e  absence of a f o r e i g n  s o l v e n t  does n o t  appear  t o  be a prom- 
i s i n g  mechanism f o r  s o l i d s  removal from t h i s  product .  However, t h e  
promoter-solvent de-ashing scheme h a s  been demonstrated t o  be a poten- 
t i a l l y  a t t r a c t i v e  s o l i d s - l i q u i d  s e p a r a t i o n  method, and kerosene had been 
found t o  be a n  e f f e c t i v e  promoter s o l v e n t  f o r  t h e  SYNTHOIL gross  product .  

INTRODUCTION 

A d i f f i c u l t  t e c h n i c a l  problem encountered i n  t h e  development of any 

This  s t e p  i s  troublesome because coal- 
c o a l  l i q u e f a c t i o n  process  is t h e  removal of s o l i d s  (carbonaceous s o l i d s  
and ash)  from t h e  product  stream. 
l i q u i d s  a r e  v i s c o u s  and conta in  h igh  c o n c e n t r a t i o n s  of suspended s o l i d  
r e s i d u e s ;  a s u b s t a n t i a l  f r a c t i o n  are i n  t h e  micrometer s i z e  range. This  
problem i s  p a r t i c u l a r l y  s e v e r e  f o r  those  processes  (such as the SYNTHOIL 
process  under development by P i t t s b u r g h  Energy Research Center)  aimed a t  
producing b o i l e r  f u e l  w i t h  minimum hydrogenat ion,  because wi th  less hydro- 
gena t ion ,  a more v i s c o u s  product  i s  produced. To m e e t  t h e  sulEur  oxide  
and p a r t i c u l a t e  emission s tandards  f o r  d i r e c t  combustion of coa l  o i l  and 
t o  avoid f o u l i n g  and poisoning of c a t a l y s t s  i n  f u r t h e r  process ing  of c o a l  
o i l ,  a s u b s t a n t i a l  f r a c t i o n  of t h e  s o l i d s  i n  t h e  o i l  must be removed. 

*Work performed under t h e  auspices  of t h e  United S t a t e s  Energy Research 
and Development Adminis t ra t ion  
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A complete s o l i d s - l i q u i d  s e p a r a t i o n  scheme g e n e r a l l y  involves  four  
b a s i c  s t e p s . ,  They are pre t rea tment ,  s o l i d s  concent ra t ion ,  s o l i d s  separa-  
t i o n ,  and pos t - t rea tment .  To opt imize  a s e p a r a t i o n ,  a l l  f o u r  s t e p s  must 
be c a r e f u l l y  cons idered .  Although it has  been recognized t h a t  s u c c e s s f u l  
pre t rea tment  or s o l i d s  c o n c e n t r a t i o n  can g r e a t l y  s i m p l i f y  t h e  e n t i r e  separ-  
a t i o n  opera t ion ,  t h i s  type  of approach has  not  been f u l l y  appl ied  t o  coa l -  
l i q u e f a c t i o n  s t u d i e s .  
addressed the s o l i d s - s e p a r a t i o n  s t e p  only.  A r e c e n t  paper  by Batchelor’  
ind ica ted  that t h e  c o s t  increment  f o r  removal of s o l i d  r e s i d u e s  from coal -  
l i q u i d s  was q u i t e  s u b s t a n t i a l ,  and r e s e a r c h  and development work i n  t h i s  
a r e a  w a s  necessary  f o r  s u c c e s s f u l  commercial izat ion of any l i q u e f a c t i o n  
process .  

Most e f f o r t s  on s o l i d - l i q u i d  s e p a r a t i o n  have 

I n  t h i s  paper ,  w e  p r e s e n t  r e s u l t s  from our  l a b o r a t o r y  s t u d i e s  f o r  
s e p a r a t i o n  of  s o l i d s  from SYNTHOIL c o a l - l i q u e f a c t i o n  product .  
cons is ted  of  two p a r t s .  
a b l e  a d d i t i v e s  (chemical pre t rea tment )  t o  f a c i l i t a t e  t h e  removal of  s o l i d  
r e s i d u e s  from the SYNTHOIL product  s t ream w a s  a t tempted.  
aimed a t  e i t h e r  reducing t h e  v i s c o s i t y  of t h e  SYNTHOIL g r o s s  product  o r  
inducing s e t t l i n g  of suspended s o l i d s  i n  t h e  gross  product ,  by t h e  addi t ion  
of a smal l  amount of chemicals .  I n  t h e  second p a r t  of o u r  s t u d i e s ,  t h e  
high-temperature  s e t t l i n g  and t h e  promoter-solvent de-ashingschemes w e r e  
explored f o r  t h e i r  e f f e c t i v e n e s s  t o  t h e  SYNTHOIL gross  product .  The 
organic  s o l v e n t s  examined i n  t h e  promoter-solventde-ashingexperiments 
ranged from s o l v e n t s  which d i s s o l v e  only  t h e  heavy-oi l  f r a c t i o n s  of t h e  
c o a l - l i q u i d s  t o  s o l v e n t s  which d i s s o l v e  a l l  organic  m a t e r i a l s  p r e s e n t .  

EXPERIMENTAL 

Materials 

The s t u d i e s  
I n  t h e  f i r s t  p a r t ,  t h e  use  of commercially a v a i l -  

Our e f f o r t  was 

The SYNTHOIL g r o s s  product  (uncent r i fuged  product ) ,  made from West 
V i r g i n i a  c o a l  ( P i t t s b u r g h  seam of I r e l a n d  Mine), w a s  suppl ied  by t h e  
P i t t s b u r g h  Energy Research Center  (PERC). This  product  o i l  w a s  produced 
i n  a nominal 1/8 i n .  x 1/8 i n .  Pyrex g l a s s  c y l i n d e r s ;  working condi t ions  
were 4,000 p s i g  and 45OoC; 35 percent  s o l i d  s l u r r y  w a s  f e d  on l ined-out ,  
coal-der ived o i l  a t  25  l b  p e r  hour. 
p roper ty  a n a l y s e s  of a sample of t h i s  product .  
t empera ture-v iscos i ty  r e l a t i o n s h i p ,  determined by us ing  a Brookfield v i s -  
cometer d e s c r i b e d  below. 

Table  1 g i v e s  t h e  r e s u l t s  of chemical 
F igure  1 shows t h e  

Chemical a d d i t i v e s  w e r e  provided by DuPont Chemical Company, Nalco 
Chemical Company, Emery I n d u s t r i a l ,  I n c . ,  and t h e  T e t r o l i t e  Div is ion  of 
t h e  P e t r o l i t e  Corporat ion.  Three broad c l a s s i f i c a t i o n s  o f  a d d i t i v e s  w e r e  
s t u d i e d ;  a n i o n i c ,  c a t i o n i c ,  and non-ionic which had e i t h e r  amide o r  su l -  
f o n a t e  f u n c t i o n a l  groups. 

A l l  hydrocarbon l i q u i d s ,  except  kerosene and f u e l  o i l ,  used i n  t h e  
promoter-solvent de-ashing tests were obta ined  from F i s h e r  S c i e n t i f i c  
Company, and a r e  a t  l e a s t  t e c h n i c a l  grade.  The kerosene and t h e  f u e l  o i l  
were purchased from a l o c a l  vendor. 



Table 1. Chemical Property Analyses 
of SYXTHOIL Gross Product. 

Product w t x  

Benzene-Solubles 86.7 

H e a v y  Oil 
Asphaltenes 

59.9 
26.8 

Benzene-Insolubles 13.3 
Ash 
Organics 

Ultimate Analysis 
C 
H 
N 
S 

4.9 
8.4 

85.0 
7.5 
1.3 
1.1 

'Table 2. Properties of DuPont Surfactants. 

Petrowet R AlUkanol hTxN 

Chemical type Anionic 
Active ingredient Sodium-dodecyl 

Concentration of active 

pB, 1% of sorbent in water 4.0 to 5.5 

sulfonate 

ingredient 222 

Flash point 91% 
Density, lb/gal 9.0 
Solubility in H20 Miscible 
Stability 
Acid Stable 
Alkali Stable 

Anionic 
Sodium-dodecyl 
benzene sulfonate 

30% 
7.5 to 9.0 
100°C 
8.6 
Miscible 

Stable 
Stable 
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IIT. 103, K - I  

F i g u r e  I .  Viscosity-Tcmpcrature Hehavior of  SYYTtiOIL 
Gross Products. 
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Procedures 

V i s c o s i t y  Reduction. A Brookfield Model LVT Synchro- lec t r ic  v i sco-  
meter w a s  used f o r  t h e  v i s c o s i t y  measurements of t h e  SYNTHOIL products .  
This u n i t ,  a long wi th  a Brookfield Thermosel System t o  h e a t  t h e  sample, 
permit ted us t o  o b t a i n  v i s c o s i t i e s  of  l i q u i d  samples between 5 and 10,000 
cp with a p r e c i s i o n  of 1%, a t  tempera tures  between ambient temperature  and 
26OoC. Measurement of t h e  temperature  i n s i d e  t h e  liquid-sample c o n t a i n e r  
of t h e  Thermosel was accomplished wi th  a c a l i b r a t e d  copper-constantan 
thermocouple; agreement wi th  t h e  set temperature  on t h e  c o n t r o l l e r  was 
wi th in  1%. To minimize t h e  o x i d a t i o n  e f f e c t  of t h e  o i l  sample, t h e  
viscosi ty-measuring u n i t  was confined i n  a P l e x i g l a s  enc losure  t h a t  was 
cont inuously purged wi th  n i t rogen .  

Additive-Induced S e t t l i n g .  I n  t h e  s e t t l i n g  tests, t h e  e f f e c t i v e n e s s  
of each a d d i t i v e  w a s  judged by i t s  e f f e c t  on t h e  e x t e n t  of s e t t l i n g  ( f o r  a 
chosen time) of suspended s o l i d s  when t h e  a d d i t i v e  was added t o  SYNTHOIL 
gross  product .  
s e c t i o n a l  a r e a )  and 40 cm long ,  were used a s  s e t t l i n g  columns. 
amount of each chemical w a s  added t o  a measured amount of SYNTHOIL gross  
product t o  make a n  approximate 65-ml mixture  of t h e  d e s i r e d  composition. 
The mixture  w a s  thoroughly s t i r r e d  a t  8OoC f o r  10 min, and w a s  then  immed- 
i a t e l y  t r a n s f e r r e d  t o  t h e  copper tube.  The top of  t h e  tube was closed wi th  
a copper Gyrolok cap. The tube  w a s  then placed i n  a s i l i c o n e  o i l  b a t h  f o r  
a prescr ibed  t i m e  i n t e r v a l  and t h e  temperature  w a s  regula ted  wi th  a Bayley 
Model 124 P r e c i s i o n  temperature  c o n t r o l l e r  t o  w i t h i n  ?Z0C of t h e  set t e m -  
p e r a t u r e  (15O-35O0C). A f t e r  c a r e f u l  removal from t h e  o i l  ba th ,  t h e  tube  
was c h i l l e d  i n  ice  water and subsequent ly  dipped i n  l i q u i d  n i t r o g e n  t o  
quickly s o l i d i f y  t h e  l i q u i d  sample; i t  took about 10 min t o  complete t h e s e  
two s t e p s .  The f r o z e n  sample was then d iv ided  i n t o  s i x  f r a c t i o n s  by 
c u t t i n g  t h e  copper tube wi th  a tub ing  c u t t e r  i n t o  s i x  5-cm-long s e c t i o n s .  
Each f r a c t i o n  w a s  analyzed f o r  a s h  and s u l f u r  c o n t e n t s  by a s tandard  ASTM 
method (D271) and a Leco technique ,  r e s p e c t i v e l y .  

Copper tubes ,  3f4- in .  OD (about  2 cm2 i n  inner  c r o s s -  
A measured 

Promoter-Solvent De-ashing. The s a m e  procedure descr ibed  above i n  
t h e  addi t ive- induced s e t t l i n g  was used a l s o  i n  de-ashing t e s t s  t o  judge 
t h e  e f f e c t i v e n e s s  of each so lvent .  However, t h e  mixing temperature  was 
maintained a t  6OoC i n s t e a d  of 8OoC.  

RESULTS AND DISCUSSION 

Viscos i ty  Reduction 

The fo l lowing  commercially a v a i l a b l e  chemicals  w e r e  t e s t e d  f o r  t h e i r  
a b i l i t i e s  t o  reduce  t h e  v i s c o s i t y  of SYNTHOIL products :  DuPont's Alkanol 
BG,  Alkanol W X N ,  Alkanol 189-S, Duponol SP, Euponol WAQE, Petrowet R ,  
Product BCO and Zonyl A, Nalco's 81C09, NALCOAL 8863 and NALCOLYTE 8861, 
Ivory soap,  Emery's E m e r e s t  2400, 2410 and Emsorb 2500, 2503, 2505, 2515, 
6903, 6915, and T r e t o l i t e ' s  TFL-313, TFL-330, TFL-366, 771-119, 772-238 
and 771-139. 

Of t h e s e  chemicals ,  on ly  two DuPont s u r f a c t a n t s  had a s i g n i f i c a n t  
e f f e c t  (> lo% v i s c o s i t y  reduct ion)  on t h e  v i s c o s i t y  of t h e  SYNTHOIL products ;  
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they have been i n v e s t i g a t e d  i n  d e t a i l .  The e f f e c t i v e  DuPont s u r f a c t a n t s  
a r e  Petrowet R and Alkanol WXN. Petrowet  R i s  a s o l u t i o n  of sodium 
dodecylsulfonate  i n  water  and i sopropyl  a lcohol ,  and Alkanol WXN is a 
s o l u t i o n  o f  sodium dedecyl  benzene s o l f o n a t e  i n  w a t e r .  The i r  p r o p e r t i e s  
a r e  l i s t e d  i n  Table  2. 

V i s c o s i t y  measurements were made on SYNTHOIL gross  product ,  t o  which 
had been added v a r i o u s  amounts of Petrowet R o r  Alkanol WXN, a s  t h e  samples 
were heated from 82OC t o  120 o r  14OoC and aga in  a t  t h e  s a m e  temperature  as 
t h e  samples were cooled.  The complete r e s u l t s  a r e  shown i n  Table 3 .  The 
est imated p r e c i s i o n  of t h e  percent  v i s c o s i t y  reduct ion  v a l u e s  i s  about  2 % .  

As c a n  be seen from t h e  r e s u l t s  f o r  0.91 w t  % Petrowet R and 1.29 w t  
% Alkanol WXN i n  Table 3, when t h e  sample w a s  heated t o  14OoC, t h e  per-  
centage r e d u c t i o n  i n  v i s c o s i t y  due t o  t h e  a d d i t i v e  w a s  n o t  r e v e r s i b l e  upon 
decreasing t h e  temperature .  The v i s c o s i t i e s  ob ta ined  a t  t h e  lower t e m -  
p e r a t u r e  upon decreas ing  t h e  temperature  were equiva len t  t o  those  obtained 
i n  t h e  absence of a d d i t i v e .  R e v e r s i b i l i t y  w a s  only p a r t i a l  when t h e  tem- 
p e r a t u r e  maximum had been 120°C. 

A t  8 Z 0 C ,  t h e  a d d i t i o n  of 1 w t  % "Petrowet" R reduced t h e  v i s c o s i t i e s  
of the  g r o s s  product  by 11%; t h e  v i s c o s i t y  of t h e  gross  product  was 
reduced by 14% by t h e  a d d i t i o n  of about  t h e  same amount of  "Alkanol" WXN. 
However, t h e  magnitude of t h e  reduct ion  i n  v i s c o s i t y  decreased a s  t h e  tem- 
p e r a t u r e  was increased ,  and t h e r e  w a s  e s s e n t i a l l y  no reduct ion  i n  v i s c o s i t y  
a t  14OoC due t o  a d d i t i v e .  Furthermore,  i f  1 w t  % a d d i t i v e  were used, t h e  
c o s t  c o n t r i b u t i o n  of t h e s e  two a d d i t i v e s  t o  t h e  product ion c o s t  of one 
b a r r e l  of o i l  would be approximately $2.40, which i s  high from a p r a c t i c a l  
viewpoint. 

Additive- Induc ed S e t t l i n g  

Researchers  a t  Oak Ridge Nat iona l  Laboratory,  using s m a l l  sedimenta- 
t i o n  tubes ,  have t h a t  c e r t a i n  l i q u i d  a d d i t i v e s  i n  l o w  concen- 
t r a t i o n  (1,000 ppm) s i g n i f i c a n t l y  increased  t h e  s e t t l i n g  r a t e  of suspended 
s o l i d s  i n  t h e  SRL* (Solvent  Refined Liquid)  of t h e  SRC (Solvent  Refined 
Coal) process .  The most promising a d d i t i v e  ( T r e t o l i t e  771-119) appeared 
t o  provide a t  least a f a c t o r  of  f i v e  improvements i n  comparison t o  t h e  
s e t t l i n g  r a t e  of unt rea ted  SRC o i l  and t o  be  v a l i d  over  a wide (210 t o  
35OoC) temperature  range.  
t i c a l l y  n e g l i g i b l e  e f f e c t  on t h e  v i s c o s i t y  of t h e  SRC u n f i l t e r e d  o i l ,  t h e  
improvement i n  s e t t l i n g  i s  be l ieved  t o  be  due t o  t h e  agglomerat ion of s o l i d  
res idues ,  o r  t h e  c o p r e c i p i t a t i o n  of asphal tene  and ash.  It was bel ieved 
t h a t  i f  s imilar r e s u l t s  could a l s o  be  obta ined  f o r  t h e  SYNTHOIL g r o s s  
product ,  t h e  s o l i d s  agglomerat ion induced by a d d i t i v e s  would g r e a t l y  s i m -  
p l i f y  subsequent s e p a r a t i o n  s t e p s ,  

S ince  t h e  s m a l l  amount of a d d i t i v e s  had a prac- 

*The s o l v e n t  r e f i n e d  l i q u i d  i s  t h e  u n f i l t e r e d  combination of d i sso lved  coa l  
and so lvent .  
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Table Y. Effect  of Additives on Viscosity of SYXTHOIL Gross ?duct. 

For each concentration, v i s c o s i t y  measurements were taken 
vith temperature increasing to the temperature maximum 
and then w i t h  tecperature decreasing. 

Additive 
Weight Viscositya (CD) 

820c loooC 120°C 140°C 120°C 100°C 82’C (wt %) 

0 

0 

Petrowet R 

0.06 

0.16 

0.45 

0.91 

1.47 

Alkanol WXS 

0.39 

0.63 

1.13 

1.29 

241. 
242. 

240. 
(0.8) 
232. 
(4 * 1) 
221. 
(8.7) 
218. 
(9.5) 
216. 
(10.8) 

228. 
(5.8) 
211. 
(12.8) 
209. 
(13.6) 
208. 
(13.7) 

82.8 
83.0 

82.7 
c0.4) 
80.2 
(3.4) 
76.5 
(7.8) 
75.0 
(9.4) 
75.0 
(9 * 6) 

79.0 
(4.8) 
74.5 
(10.2) 
73.2 
(11.6) 
72.5 
(12.4) 

37.0 
37.4 

36.8 
(1.6) 
36.2 
(3.2) 
35.7 
(4.5) 
35.4 
(4.3) 
35.5 
( 5  - 1) 

36.2 

35.0 
(6.4) 
34.8 

34.7 
(6.2) 

(3 * 2) 

(7.0) 

21.3 

21.2 
( 0 . 5 )  

21.0 
(1.4) 

37.2 
37.4 

36.8 

36.2 
(3.2) 
35.7 
(4.5) 
37.2 
(0.0) 
35.5 
(5-1) 

(1.6) 

36.2 
(3.2) 
35.0 
(6.4) 
34.8 
(7 - 0 )  
37.0 
(0.5) 

85.2 
03.8 

83.0 
(1.0) 
81.5 
(2.7) 
80.5 
(3 - 9) 
85.4 
(0.0) 
80.5 
(3.9) 

80.4 
(4.1) 
76.4 
(8.8) 
76.6 

84.5 
(0.8) 

(8 * 6 )  

275. 
247. 

244. 
(1.2) 
234. 
(5.3) 
240. 
(2.8) 
276. 
(0.0) 
233. 
(5.7) 

240. 
(2.8) 
228. 
(7.7) 
228. 
(7.7) 
214. 
(0.4) 

apercentage reductions in v i s c o s i t y  

1 (loo Viscosity of Gross Product - Viscosity of Gross Product with Additive 
Viscosity of Gross Product 

are ia parentheses. 
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Seven chemicals  have been eva lua ted  us ing  t h e  s e t t l i n g  test .  They 
are: Nalco 's  81C09, NALCOAL 8863 and NALCOLYTE 8861, DuPont's Petrowet R ,  
and Alkanol WXN, and T r e t o l i t e ' s  771-119 and 772-238. Experiments wi th  
the f i r s t  f i v e  a d d i t i v e s  w e r e  conducted a t  200°C and wi th  t h e  last two 
a d d i t i v e s  a t  25OoC; s e t t l i n g  t i m e  was 4 h r .  
the r e s u l t s  f o r  b lank  tests showed no s i g n i f i c a n t  a d d i t i o n a l  s e t t l i n g  of 
s o l i d  r e s i d u e s .  The d i s p a r i t y  of t h e  e f f e c t  of T r e t o l i t e ' s  771-119 on 
SYNTHOIL g r o s s  product  wi th  t h e  r e s u l t s  obtained f o r  SRL a t  ORNL i s  not  
s u r p r i s i n g  because SRL d i f f e r s  cons iderably  from t h e  SYNTHOIL gross  product .*  

High-Temperature S e t t l i n g  

Comparison of t h e  r e s u l t s  wi th  

Scout ing s t u d i e s  by r e s e a r c h  workers a t  Oak Ridge Nat iona l  Laboratory 
(ORNL) a l s o  showed t h a t  high-temperature  s e t t l i n g  i s  a promising mechanism 
f o r  s o l i d s  s e p a r a t i o n  from SRC (Solvent  Refined Coal) u n f i l t e r  o i l .  They 
a l s o  not iced t h a t  d u r i n g  t h e  course  of s e t t l i n g  a t  e leva ted  temperatures ,  
suspended s o l i d  r e s i d u e s  agglomerated,  probably due t o  s o f t e n i n g  of high- 
molecular-weight hydrocarbons coa ted  on t h e  s u r f a c e  of t h e  s o l i d  r e s i d u e s ;  
consequently, t h e  s o l i d s  s t u c k  toge ther  upon c o l l i s i o n .  

Table 4 gives  r e p r e s e n t a t i v e  s e t t l i n g  r e s u l t s  f o r  SYNTHOIL g r o s s  
product a t  200 and 25OoC. 
workers f o r  SRC u n f i l t e r e d  o i l ,  no g r e a t  s e t t l i n g  of t h e  SYNTHOIL g r o s s  
product occurred i n  4 h r .  Even a f t e r  s e t t l i n g  f o r  t h e  i m p r a c t i c a l  time 
i n t e r v a l  o f  24 h r ,  t h e  top f r a c t i o n  w a s  n o t  c l e a r .  Also, s e t t l i n g  w a s  only 
s l i g h t l y  improved when t h e  s e t t l i n g  temperature  w a s  increased  from 200°C 
to 25OoC. 

Unlike t h e  r e s u l t s  observed by Oak Ridge 

Using t h e  S toke ' s  equat ion  and t h e  v i s c o s i t y  r e s u l t s  from Fig.  1, w e  
ca lcu la ted  t h e  s e t t l i n g  v e l o c i t i e s  of a 6-pm s p h e r i c a l  s o l i d  p a r t i c l e  a t  
200°C and 25OoC; they a r e  0.7 cm/hr and 1 cm/hr, r e s p e c t i v e l y . 6  Because 
it  f a i l s  t o  t a k e  t h e  shape e f f e c t  of suspended p a r t i c l e s  and t h e  i n t e r -  
a c t i o n s  between i n d i v i d u a l  p a r t i c l e s  i n t o  account ,  t h e  S toke ' s  equat ion  
does not  provide  a c c u r a t e  p r e d i c t i o n s  of t h e  s e t t l i n g  v e l o c i t i e s  f o r  a 
complex system o f  h igh  s o l i d  c o n c e n t r a t i o n  and wide p a r t i c l e - s i z e  range.  
Nevertheless ,  t h i s  equat ion  can  be used t o  c a l c u l a t e  an upper l i m i t  f o r  
s e t t l i n g  v e l o c i t y .  
g ross  product  a r e  i n  t h e  s i z e  range  under 6 pm, t h e  smallness  of t h e  ca l -  
cu la ted  v a l u e  of s e t t l i n g  v e l o c i t i e s ,  i n  conjunct ion  wi th  t h e  preceding 
experimental r e s u l t s ,  sugges t  t h a t  i n  t h e  absence of a second s o l v e n t ,  
high-temperature s e t t l i n g  i s  u n l i k e l y  t o  be a p r a c t i c a l  s e p a r a t i o n  scheme 
for  t h e  SYNTHOIL process  s t r e a m .  

S ince  about  30 w t  % of  s o l i d  p a r t i c l e s  i n  t h e  SYNTHOIL 

I 

High-Temperature S e t t l i n g  wi th  Solvent  

Promoter-solvent de-ashing has  been demonstrated t o  be a promising 
scheme of removing suspended s o l i d  r e s i d u e s  from t h e  product  s t r e a m  f o r  a i 
v a r i e t y  o f  c o a l - l i q u e f a c t i o n  processes ;  '-' however, t h e  mechanism behind 

I 
*In t h e i r  r e c e n t  progress  r e p o r t  (ORNL-5208), however, ORNL r e s e a r c h e r s  
i n d i c a t e d  t h a t  the  s i g n i f i c a n t  improvement ( a t  least a f a c t o r  of 5)  observed 
wi th  smal l  sed imenta t ion  t u b e s  could not  be  found wi th  t h e i r  bench-scale 
s e t t l e r .  a 
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T a b l e  4. Ar.alyses of S e t t l i n g  F r a c t i o n s  o f  SI"H0IL Gross 
P r o d u c t  ( 4 . 9  w t  X Ash, 1.1 w t  % S). 

S e t t l i n g  S e t  t 1 i n g  
Temperature  T i n e  F r a c  t i o n a  Ash S u l f  u r  
('0 (hr) No. (wt Z) ( w t  %)b 

200 4 1 4.1 1.1 
2 4.1 1.0 
3 4.1 1.0 
4 4.2 1.1 
5 4 .2  1.3 
6 5.4 1.3 

200 

250 

24 1 0.54 0.67 
2 1.6 0.67 

4 6 . 9  1.2 
5 7.9. 1.3 
6 9.6 1.5 

3 3.0 0.87 

4 1 4.0 

3 4.0 
4 4 . 0  
5 4.0 
6 8.1 

2 4 .0  

'Each f r a c t i o n  i s . 5  cm l o n g ;  f r a c t i o n  nunbers  are in o r d e r  from 

bThe e s t i n a t e d  p r e c i s i o n s  a r e  5% f o r  ash and  10% f o r  s u l f u r .  

t h e  t o p  t o  the bottom of  a sanple. 

its success  i s  s t i l l  not  f u l l y  understood.  
presence of a second l i q u i d  phase causes  t h e  h e a v i e r  a s p h a l t i c  m a t e r i a l s  
t o  p r e c i p i t a t e  by lowering t h e i r  s o l u b i l i t y  l i m i t  t o  t h e  heavy-oil phase. 
It i s  a l s o  very  p o s s i b l e  t h a t  some of t h e  s o l i d  p a r t i c l e s  would a c t  a s  
sites f o r  t h e  i n i t i a t i o n  of p r e c i p i t a t i o n  and t h a t ,  a s  t h e  p r e c i p i t a t i o n  
process  cont inues ,  some of t h e  s o l i d  p a r t i c l e s  would s t i c k  toge ther ,  form- 
ing l a r g e  aggregates .  

It has  been suggested t h a t  t h e  

The s e l e c t i o n  of e f f e c t i v e  promoter s o l v e n t s  f o r  d i f f e r e n t  l i q u e f a c -  
t i o n  products  i s ,  never the less ,  l a r g e l y  an a r t .  
between i n v e s t i g a t o r s  on t h e  e f f e c t i v e n e s s  of  a promoter l i q u i d .  
i n s t a n c e ,  Gorin and coworkers' s t a t e d  t h a t ,  on a weight b a s i s ,  n -paraf f ins  
from n-butane t o  n-decane, cyclohexane, and d e c a l i n  w e r e  approximately 
equal ly  e f f e c t i v e  i n  de-asphal t ing and reducing t h e  a s h  conten t  of a CSF 
(Consol Synthe t ic  Fuel)  product  stream. 
t h a t  hexane, being a p a r a f f i n i c  l i q u i d ,  is n o t  a n  e f f e c t i v e  promoter sol-  
vent  f o r  a Lumus l i q u e f a c t i o n  product .  

Some cont roversy  e x i s t s  
For 

However, Sze and Snel l "  concluded 
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In our s tudy ,  t h e  fol lowing organic  l i q u i d s  were t e s t e d :  n-hexane, 
n-octane, No. 2 f u e l  o i l ,  kerosene,  t o l u e n e ,  t e t r a l i n ,  and te t rahydrofuran .  
The n-hexane is be l ieved  t o  d i s s o l v e  only  the  heavy-oi l  f r a c t i o n s  of t h e  
coa l - l iquefac t ion  product ;  t h e  te t rahydrofuran  is a b l e  t o  d i s s o l v e  n e a r l y  
a l l  of t h e  o r g a n i c s .  The r e s t  of t h e  s o l v e n t s  have i n t e r m e d i a t e  so lvent  
powers. N-octane has  a s o l v e n t  power c l o s e  t o  t h a t  o f  n-hexane; t h e  s o l -  
vent  powers of t e t r a l i n  and t o l u e n e  a r e  c l o s e  t o  t h a t  f o r  te t rahydrofuran .  
Because of t h e  complex n a t u r e  of  t h e  coa l - l iquefac t ion  product ,  t h e  t r u e  
so lvent  power of each s o l v e n t  t o  t h e  product  could  n o t  be a c c u r a t e l y  
es t imated .  

Representa t ive  r e s u l t s  f o r  s e t t l i n g  runs w i t h  t o l u e n e ,  n-octane, and 
kerosene a r e  t a b u l a t e d  i n  Table  5 .  T e t r a l i n  and te t rahydrofuran  gave 
r e s u l t s  s i m i l a r  t o  those  f o r  t h e  to luene ,  and t h e  r e s u l t s  f o r  n-hexane and 
No. 2 f u e l  o i l  were s l i g h t l y  i n f e r i o r  t o  those  f o r  t h e  n-octane. These 
r e s u l t s  c l e a r l y  suppor t  Sze and S n e l l ’ s  f i n d i n g g ” ’  t h a t ,  of t h e  s o l v e n t s  
w e  have t e s t e d ,  kerosene is  t h e  most e f f e c t i v e  and promising promoter 
so lvent  f o r  t h e  SYNTHOIL g r o s s  product .  The s e t t l i n g  e f f i c i e n c y  of s o l i d  
p a r t i c l e s  appears  t o  i n c r e a s e  as t h e  c o n c e n t r a t i o n  of t h e  promoter s o l v e n t  
increases .  The r e s u l t s  f o r  s e t t l i n g  r u n s  us ing  30 w t  % kerosene are 
e s p e c i a l l y  good, r e s u l t i n g  i n  t h r e e  top  f r a c t i o n s  of a lmost  ash-free o i l .  
When t h e  s e t t l i n g  temperature  w a s  increased  from 2OO0C t o  25OoC, the  
s e t t l i n g  time requi red  t o  o b t a i n  t h r e e  c l e a r  o i l  f r a c t i o n s  w a s  reduced 
from 6 h r  t o  4 h r ,  i n d i c a t i n g  t h a t  temperature  a l s o  p l a y s  a n  important  r o l e  
i n  t h e  s e t t l i n g  process .  

I n  a n  a t tempt  t o  p a r t i a l l y  v e r i f y  t h e  s p e c u l a t i o n  t h a t  t h e  func t ion  
of t h e  added promoter s o l v e n t  i s  t o  induce  t h e  p r e c i p i t a t i o n  of  heavy 
a s p h a l t e n e s ,  w e  measured t h e  v i s c o s i t y  of each f r a c t i o n  from t h e  2OO0C 
s e t t l i n g  r u n  wi th  30 w t  % kerosene.  The r e s u l t s  a r e  presented  i n  ‘Table 6. 
Also shown i n  t h e  t a b l e  a r e  v i s c o s i t i e s  of  t h e  SYNTHOIL g r o s s  product-  
kerosene mixture  a t  s e v e r a l  t empera tures .  The v i s c o s i t y  r e s u l t s  f o r  t h e  
bottom two f r a c t i o n s  ( 5  and 6 )  are much g r e a t e r  than those  f o r  o t h e r  f o u r  
f r a c t i o n s ,  and a c l e a r  v i s c o s i t y  g r a d i e n t  e x i s t s  from t h e  top t o  t h e  
bottom. 
product i n c r e a s e s  g r e a t l y  wi th  i n c r e a s i n g  asphal tene  c o n t e n t .  l 1  The v i s -  
c o s i t y  r e s u l t s  t h u s  suppor t  t h e  sugges t ion  t h a t  most of  t h e  heavy asphal-  
t enes  p r e c i p i t a t e d  and s e t t l e d  i n  t h e  bottom f r a c t i o n s  d u r i n g  t h e  course 
of s e t t l i n g .  

I t  is w e l l  known t h a t  t h e  v i s c o s i t y  of  t h e  c o a l  l i q u e f a c t i o n  

One p o i n t  regard ing  t h e  promoter-solvent de-ashing method t h a t  should 
be emphasized i s  t h a t  a l though t h e  major advantage of t h i s  method is elim- 
i n a t i o n  of t h e  t roublesome r o t a t i o n a l  equipment a s s o c i a t e d  w i t h  f i l t e r s  
and c e n t r i f u g e s ,  i t s  economic j u s t i f i c a t i o n  is highly  dependent on recovery 
and recyc l ing  of  t h e  promoter s o l v e n t .  
d e s i r a b l e  t h a t  a b o i l i n g  p o i n t  gap e x i s t s  between the promoter so lvent  and 
t h e  f r o n t  end of  the c o a l - l i q u e f a c t i o n  product  t r e a t e d .  
gested’ t h a t  t h e  low-boi l ing f r a c t i o n s  of the  coal-der ived complex f i r s t  
be d r i v e n  o f f  t o  p r o v i d e  t h e  b o i l i n g  p o i n t  gap. 
process ,  t h e  primary g o a l  i s  t o  produce n o n d i s t i l l a b l e  b o i l e r  f u e l s ,  and 
t h e  boi l ing-poin t  gap d e s i r e d  i s  n a t u r a l l y  b u i l t  in .  l 2  
promoter-solvent de-ashing scheme should be  p a r t i c u l a r l y  u s e f u l  i n  t h e  
SYNTHOIL process .  

To f a c i l i t a t e  recovery,  i t  i s  

It has  been sug- 

However, f o r  t h e  SYNTHOIL 

Consequently, t h e  
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Table 5 .  Analyses of Set t l ing  Fractiocs of SYXTHOIL Gross-Solvent Mixtures. 

Se t t l ing  Se t t l ing  
Temperature Time Fraction Ash Sulfur 

Solvent (“0 (hr) No. (wt X )  (wt X )  

20 ut x 200 
toluene 

25 w t  Z 
a-octane 

25 w t  Z 
kerosene 

200 

200 

30 W t  X 
kerosene 

200 

30 w t  X 
kerosene 

250 

4 1 
2 
3 
4 
5 
6 

6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

4 1 
2 
3 
4 
5 
6 

2.1 
2 .5  
2.6 
2.7 
2.5 
4.6 

1 . 5  
2.1 
2.5 
2.1 
2 .8  
7 . 8  

0.91 
1.0 
0.8 
1.7 
5.5 
8.7 

0.03 
0.02 
0.03 
1 .5  
6.7 

11.8 

0.01 
0.06 
0.05 
1 . 5 1  
6 . 9  
11.0 

0.91 
0.94 
0.96 
0.95 
0.98 
1.32 

0.76 
0.70 
0.64 
0.78 
0.85 
1.37 

0.44 
0.56 
0 .55  
0.67 
1.1 
1 .4  

Table 6 .  V i scos i t i e s  of 200’C Set t l ing  Fractions of SYhTHOIL 
Gross Product-30 wt I Kerosene :.fixture. 

SYNTHOIL- Fraction KO. 
T Kerosene 

(“C) Mixture 1 2 3 4 5 6 

50 72 .4  18.8 30 .6  40.8 41 .5  405 :>10,000 
100 11.5 9.0 10.1 9 .8  11.2 42 372 
150 7 .5  6.1 6 .8  6 . 2  6 .4  18 127 
200 5 .0  3.8 3 . 6  4 . 6  4 .2  12.6 41.9 
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CONCLUSIONS 

Tests of  more t h a n  two dozen commercially a v a i l a b l e  a d d i t i v e s  ind i -  
c a t e  t h a t  t h e  u s e  of a d d i t i v e s  t o  reduce t h e  v i s c o s i t y  of c o a l - l i q u e f a c t i o n  
product streams i s  n o t  product ive .  The g r e a t e s t  reduct ion  i n  v i s c o s i t y  
observed f o r  SYNTHOIL products  i s  14% a t  low temperature  (82'0; f u r t h e r  
decreases  i n  v i s c o s i t y  become smal le r  as t h e  temperature  i n c r e a s e s .  Such 
r e l a t i v e l y  smal l  r e d u c t i o n s  i n  v i s c o s i t y  could b e  r e a l i z e d  by a s m a l l  
increase  i n  temperature  i n  t h e  absence of a n  a d d i t i v e .  Furthermore, c o s t  
f i g u r e s  do n o t  suppor t  t h e  use  of a d d i t i v e s  a s  a p o t e n t i a l  p re t rea tment  
s t e p  t o  reduce  t h e  v i s c o s i t y  of  c o a l - l i q u e f a c t i o n  product  s t reams.  

Although a d d i t i v e - s e t t l i n g  tests d i d  not  y i e l d  p o s i t i v e  r e s u l t s  f o r  
t h e  SYNTHOIL g r o s s  product ,  chemical pre t rea tment  has  been widely appl ied  
and d e s i r a b l e  agglomerat ion h a s  been experienced i n  t h e  waste  water  t r e a t -  
ment a r e a .  This  pre t rea tment  s t e p  is p o t e n t i a l l y  a t t r a c t i v e  and warran ts  
more i n v e s t i g a t i o n .  

High-temperature s e t t l i n g  wi th  no second .solvent  added i s  u n l i k e l y  
t o  be a p r a c t i c a l  s o l i d s - l i q u i d  s e p a r a t i o n  scheme f o r  t h e  SYNTHOIL process  
stream. 

The a t t r a c t i v e  promoter-solvent de-ashing method f o r  removing s o l i d  
r e s i d u e s  from product  stream h a s  been demonstrated t o  be a p p l i c a b l e  t o  t h e  
SYNTHOIL gross  product .  S e l e c t i o n  of s u i t a b l e  promoter s o l v e n t s  is t h e  
key t o  t h e  success  of th i s  method, and w e  have found t h a t  kerosene i s  an 
e f f e c t i v e  promoter s o l v e n t  f o r  t h e  SYNTHOIL gross  product .  
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